elasticity estimates with estimates from single Most previous estimates of elasticities of equationordinaryleastsquares(OLS)andtwoexport demand for U.S. soybeans have emastage least squares (2SLS) estimations. nated from single import equations subject to aggregation and simultaneous equation bias.
specific equations avoid the generalities of (4) D = d i + dj. broad-based indexes. This article first presents the conditions for Substituting terms from equations (1), (2), and simple linear aggregation of demand equations, (3) into equation (4) yields then tests for evidence of simultaneous equation bias (problem [1] ) and aggregationbias (problem (5) BP + AY = (biP + aiY i ) + (bjP + aj.Y).
[2]), and finally presents a multiple-equation estimation procedure to reduce the effects of Assume that the price effects (BP) in the aggreboth types ofbias. The market-specific multiplegate demand function, equation (3), equal the equation estimationprocedurepresentedherein sum of the price effects in the individual deprovides estimates of specific exchange rate mand functions, effects on U.S. soybean exports to individual major markets, thus addressing problem [3] .
(6) BP = biP + b.P.
CONDITIONS FOR AGGREGATION
Subtracting equation (6) from (5) shows that There are several ways of demonstrating the the income effects in D equal the sum of the conditions for aggregation. Deaton and income effects in di and d, Muellbauer (pp. 148-53) demonstrate the conditions for aggregating individual consumer de-(7) AY = aiY, + ajYj. mand functions whose arguments are prices and total expenditures. They point out that
Dividing both sides of equation (6) by P simply linearly aggregated demand functions are shows that the sum of the parameters on P subject to aggregation bias if aggregate demand equals the aggregate parameter on price, or is a function of the distribution of expenditures that across consumers as well as the level of aggregate expenditures. We provide a simple demon-(8) B = b + b.. stration of sufficient conditions required for aggregating any two demand functions whose arBy definition, aggregate income equals the sum guments are prices and any other variables.
of income in the two countries, These demand functions may represent the import demand of two different countries as 9) y = + well as being input or consumer demand J functions.
Substituting terms from equation (9) into (7) Suppose the demand functions for two coungives tries are linear in price and another variable such as income. The demand for country i is (10) AY = A(Y. + Y) = AY. + AY. = a.Y. + aYj,
(1) d i = biP + aiYi, which is true when a i = a.. Furthermore, Deaton and Muellbauer state that for exact linear agwhere di is the quantity purchased in the ith gregation, the parameters on the Y term must country as a function of world price (P) and that be equal in each equation (p. 150). Zellner afcountry's income (Yi). The demand for country firms (without the simplifying assumption of j is equation (6)) that there will be no aggregation bias involved in simple linear aggregation if the (2) d. = b.P + a.Y, parameters on income are equal across individ-J J ^~J J~ ^ual demand functions. However, this argument where dj is the quantity purchased in the jth applies not only to income aggregated across country as a function of price (P) and the jth individuals but to any variable summed across country's income (Yj). Aggregate demand (D), equations or individual countries. expressed as Applying these conditions for linear aggregation of demand functions to linear aggrega-(3) D = BP + AY, tion of import demand functions, we derive the null hypothesis to test for evidence of aggregais a function of price (P) and aggregate income tion bias: parameters on all the linearly aggre-(Y), and, by definition, equals the sum of the gated exogenous variables are the same across individual country demand functions, market-specific import demand equations. ingly unrelated regression (SUR), using annual We chose pork production as a representadata, provided individual estimates of the tive of livestock production that uses soybean parameters on the variables for all six equations. meal in foreign countries, excluding ruminant meat production that uses forages more extenTesting for Simultaneous Equation Bias sively than high-protein concentrate rations in foreign countries. Poultry production, especially Before estmarket equation thations by SUR, we broiler production, also uses soybean meal in the largt share sobean e feed rations. However, the largest importer of the largest share of 1983-85 U.S. soybean exfeed rations. However, the largest importer of ports (the EC, which averaged 36 percent) for U.S. soybeans, the EC, uses substantially more s imultaneous equation bias betweent) for oilseed in pork production than in poultry meat and soeaneo eqati ias and U.S soybean .production (Leck). and soybean meal prices and U.S. soybean production (Leuck) . The six equations were specified as linear exports using a test developed by Wu and de- The six equations were specified as linear s p 34
combinations of the exogenous variables and scrbed by Chow (p. 314) . estimated in the form To test whether U.S. soybean and soybean estimated in the form meal prices were exogenous to EC imports of (11) SBX i = bo + bliSBP + b2iSMP + b 3 iPORK i + U.S. soybeans, we obtained instrumental varib 4 iEXRi + u, ables for soybean and soybean meal prices whose where estimated values were specified as a function of SX U.S. soybean exports to the ith ma-U.S. soybean exports to the EC, plus the addi-SBX. = U.S. soybean exports to the ith mar-
tional explanatory variable of the price in t -1.
We used the instrumental variables as ex-SBP = U.S.soybeanprice, Rotterdam($/metric ton * 1/U.S. CPI); ogenous variables in the EC import demand SMP = U.S. soybean meal price, Rotterdam equation and obtained 2SLS estimates for the (ditto); EC equation. We also obtained OLS estimates PORK. = pork production in the ith market; of the EC equation. Wu's statistic for testing for differences between 2SLS and OLS estimates EXRc = real exchange rate index for the ith in econometric equations, market: (foreign currency units/foreign CPI)/($1/U.S. CPI) indexed to (HO: B2S = BOLS against Ha: B 2 s BOLS) 1980 = 100. For the EC and the ROW, is the individual country's real exchange rate indexes were weighted by Stall-
where the ith equation, the six market specific equan = number of observations; tions were estimated first by SUR without any B 2 S = a vector of the 2SLS estimates of interrestrictions. Then the equations were reestiest; mated with the restriction that the estimators BOLS = a vector of OLS estimates of interest; on the pork production variable were the same and across all six equations. V(q) = the variance-covariance matrix of the Testing the results of this restriction detervector (B2s -BOLS), mines whether we consider the parameters on represented by n(V 2 S -VOLS) or n times the aggregated variable the same across the the differences between variance-coindividual markets. If the restriction on the variance matrices of 2SLS and OLS espork production estimator significantly alters timates.
the variance-covariance matrix of errors beThe statistic W has a x 2 with one degree of tween the six equations, we can reject Ho and freedom as its asymptotic distribution if the conclude that estimates from a single equation null hypothesis is true.
would contain aggregation bias. The Wu test produced no evidence of differTo determine if the restricted estimations ences between the 2SLS and OLS estimates of were significantly different from the unrethe EC equation. (The W statistic calculated for stricted, the statistic g was used, the soybean and soybean meal prices in the EC ( -R ( ( equation was 1.31, which is not significant at the g r-RB)' ')-B), five-percent level.) We concluded that EC imwhere r = RB represents a matrix of linear ports did not influence the U.S. soybean and restrictions on the coefficient vector B; C = soybean meal prices and assumed the prices are [X'(S-1 I)X]-1; X represents the matrix of the exogenous. We then assumed that the other exogenous variables; I is the variancefive markets, whose shares ranged from 25 covariance matrix of errors between equations; percent down to 4 percent, were also price I is an identity matrix; and ® denotes Kronecker takers and that the U.S. soybean and soybean product (Judge et al., p. 28) . The statistic g is X 2 meal prices were exogenous to all six equations. distributed, with degrees of freedom equal to We applied the same test to a market-wide the number of restrictions (five in our case). In equation using data aggregated across all 19 deriving and estimating g, .
-1 is replaced by -' countries. The W statistic calculated for soy-(see Judge et al., . Our calculated g bean and soybean meal prices in the equation statistic was 62, significant at the one percent was 0.67, which is not significant at the fivelevel, leadingto rejection of the hypothesis that percent level. Thus, the W statistics calculated the parameters on all the aggregated variables for both the EC and world (19-country) equaare the same across country-specific markets. tions were insufficient at the five-percent level Thus, one of the conditions for using aggregate to suggest that the coefficients are subject to data to estimate a single equation 
.13 1.14 -. 68
Two-stage Least Squares Estimation -.10 -. 45 1.10 -. 64
a Average share of the U.S. export market, 1983-85 (Appendix). b Calculated at the sample means (Appendix). Elasticities times market share, computed from unrounded data. Implausible sign. eMexico, Portugal, Israel, Switzerland, Canada, Norway, Greece, Indonesia, and Egypt.
Nineteen countries that imported most of U.S. soybeans (Appendix).
markets (Table 3 ). The elasticities were summed tion. However, in the six-equation weightedtwo ways: first by totaling all that had the market-share elasticity estimation (Table 3 ), expected sign, and then by including the the ROW market share is only 19 percent, and implausibly-signed estimates, which changed the ROW elasticities are weighted accordingly. the price, cross-price, and exchange rate index elasticity estimates by 22, 37, and 60 percent, RESULTS respectively.
Elasticity estimates from the six-equation Price and cross-price elasticity estimates from estimation may contain elements of aggregathe SUR six-equation estimation are closer to tion bias from the EC and ROW equations.
those from the OLS single-equation estimation Within the six country markets aggregated for (which probably contains aggregation bias but the EC equation, one might expect similarly did not reveal evidence of simultaneous equasloped expansion paths at various levels of pork tion bias) than to the 2SLS estimates (Table 3) . production because these EC countries are
The 2SLS estimation, normally used to correct geographic and economic neighbors and have for simultaneous equation bias (assumed or similar standards of living. Consequently, one otherwise), also probably contains aggregation may not expect serious aggregation bias effects bias If total exports influence the U.S. price, in the EC equation. The ROW equation, howconventional econometric procedures would ever, contains nine diverse countries which span suggest the 2SLS estimates are better than the continents and range from developed to devel-OLS estimates. However, in this case, the2SLS oping economies (countries in Appendix). Exestimation appears to introduce distortions in pansion paths at various levels of pork producthe price and cross-price elasticity estimates tion could not be expected to be as similar across that exceed those that may be attributed to the ROW countries as in the EC. Hence, one aggregation bias. would expect greater effects of aggregation Our OLS and six-equation deflated soybean bias in the ROW equation than in the EC equaprice elasticity estimates of -0.32 and -0.25 are lower than estimates by Houck et al. (p. 86, estimate of-0.32 (annual data, 1946-1964, nominal prices) . Conway, using a stochastic coeffim the other exge variables and their par cients approach to reestimate Chambers and meters, plus the other exogenous variables, are Just's quarterly model (omitting the seasonal the same across the individual markets in the variables), confirmed their estimated soybean correct specification, single-equation estimaprice elasticity of -0.20. All of these other pubon is the quickest and easiest way of estimatlished estimates were from single-equation ing the elasticities. If the parameters on the estimations, which were subject to aggregation aggregated variables are not the same across bias, as are our OLS and 2SLS estimates, the markets, as this study suggests, then aggreOur -0.30 deflated soybean price elasticity gating individual-market data to estimate a estimate for U.S. exports to Japan is lower than single OLS or 2SLS import equation imposes Greenshields' -0.65 (annual data, 1955-73, de- unrealistic assumptions that may distort the flated import price index), but close to the -0.35 estimates of the true elasticities. estimate by Meyers et al. (annual data, 1960/ Testing for evidence of simultaneous equa-61-1976/77; elasticities for 1973/74-1976/77, tion bias before accepting2SLS estimates could price variable = soybean wholesale price index obviate 2SLS distortions, which in this example in Japan).
appear to exceed those from aggregation bias. Our soybean price elasticity estimate of-0.29
The multiple-equation weighted-marketfor the EC exceeds the -0.23 estimate by share approach, which reduces the problems of Knipscheer et al. (semi-annual data, 1961 Knipscheer et al. (semi-annual data, -1976 aggregation and simultaneous equation bias price variable = soybean meal price/corn price).
intrinsic to a single equation, requires more We would expect our elasticity estimate to data but has the advantage ofproviding marketexceed theirs because their dependent variable specific elasticity estimates that can be evalwas total EC imports of both soybeans and uated individually. Questionable equations or soybean meal (per animal feed unit), the deestimates can be identified and isolated. Remand for which would be less elastic than for searchers can then reestimate weak equations total soybeans alone, which would be less elastic or use market-specific elasticities judged more than the EC demand for U.S. soybeans. (U.S.
appropriate. soybeans constituted 77 percent of EC soybean imports, 1974 -1985 ). Also, we would expect a one-year elasticity to exceed a sixmonth elasticity. 
APPENDIX. U.S. SOYBEAN EXPORT-SHARE WEIGHTS USED IN TRADE-WEIGHTED REAL EXCHANGE RATE INDEXES FOR WORLD, EC-9, AND ROW EQUATIONS; PLUS SAMPLE MEANS -----------------. Sample means ------------------------. U.S. soybean --------

